Abstract. In the paper the mobile technologies based distributed system for the improve- 
Introduction
In recent years, cycling has gained in popularity, also among the inhabitants of Lodz agglomeration. Bike is increasingly becoming not only a great way to spend your free time, but also convenient, Fast, ecological and inexpensive means of transportation within the city.
Unfortunately, Lodz agglomeration is not bicyclefriendly place. It is one of the leaders in the ranking of the number of bicycle accidents in Poland [7] . In Lodz, and in other metropolitan cities, there are no reliable information solutions that help cyclists to identify places that they should avoid and which can be dangerous for them.
New investments are often made without a reliable research about cycling in the city carried out, which makes them usually miss with real expectations and needs of cyclists.
There is no information about visiting the city on a bicycle. Bike trails are designated primarily outside the cities, so people using bikes for sightseeing purposes when coming to Lodz encounter difficulties moving between the places worth visiting.
Signing the Charter of Brussels, Lodz has committed (before 2020) to:
• increase to 15% of bicycles participation in city transportation;
• reduce by 50% the risk of bicycle accidents;
• develop a system of bicycle parking facilities;
• develop a policy against theft of bicycles;
• increase the use of bicycles for commuting to school and work; 366 K. Strzecha, T. Koszmider
• promote the development of cycling tourism;
• cooperate with the cycling community, business and public institutions for popularization of cycling.
Project description
In 2011, Computer Engineering Department of Technical University of Lodz in cooperation with InterData s.c. started work on a project sponsored by the Mayor of Lodz that can contribute to improving cycling in the urban area of Lodz by developing a distributed system based on mobile technologies [6] . The finished system will allow:
• gathering information about bicycle traffic in the urban area of Lodz;
• analysis of collected data using specialized algorithms developed during the project;
• determination of optimal, safe cycling routes;
• integration with existing map services (i.e. Google Maps, OpenStreetMap).
Data gathered during the project and results of its analysis should also enable:
• planning cycle investments according to the real needs of cyclists in Lodz;
• improving the safety of cycling in the urban area of Lodz;
• promoting the bicycle as a healthy, environmentally friendly and safe means of transport;
• the development of cycling tourism in the Lodz agglomeration.
To the knowledge of the authors, the proposed research will be the first project of its kind in Poland. Existing solutions are based mostly on manual counting of cyclists, such as in Gdynia [2] and Wroclaw [5] , or on an automated counter of passing bicycles located under the road surface, as in Tychy [1] . The main advantage of such solutions is their undoubted technological simplicity, but in contrast to the proposed solution, they do not allow to accumulate a lot of valuable data about bicycle traffic (e.g., the most frequently chosen routes, travel times, dangerous and friendly points).
Research methodology
Data collection for the project will be carried out in collaboration with the community of bikers through mobile devices equipped with GPS. The prevalence and wide availability of mobile phones with GPS and Internet access will enable low-cost acquisition of large amounts of data acquired during normal use of bicycles in everyday life.
A free application developed under the project, installed on a mobile device (phone, tablet) will automatically gathers information about the route that the cyclist is moving. Simple user interaction with the application will enable acquisition of additional data based on subjective assessment of the cyclist: places that are dangerous, friendly or interesting to cyclists. These data will be sent to the central servers of the system, stored in a database and analyzed. The processed results will be available to other users via mobile devices and desktop computers.
Data gathering mobile application will also have the ability to display processed data, for what would become useful to the cyclist, arguing in addition to participation in the project.
The essences of the project are to use inexpensive and widely available technology (mobile phones), to conduct the tests in the real environment and to give direct benefits to participants (access to the processed results). As a result, the cost of data acquisition will be limited to a minimum, and the data will be significantly consistent with the facts (large amount of data acquired in not simulated conditions).
The acquired data will be analyzed using specialized algorithms developed during the project. Results of the analysis will enable design and implementation of 
Detailed synopsis of the project
The primary objective of the project is to improve the current situation of cyclists moving within the Lodz agglomeration by developing a distributed system based on mobile technologies (Fig. 1) .
Within the project, it is necessary to complete the following tasks:
• GPS technology;
• development of the server for the data recording and the results presentation;
• development of the data storage server;
• gathering data on cycling in the urban area of Lodz;
• development and implementation of the algorithms for the analysis of acquired data.
Applications for mobile devices
Application for mobile devices will be developed in The application will be automatically gathering information about the cyclist route. Simple user interaction with the application will enable acquisition of additional data based on subjective assessment of the cyclist. In the user-selected time, collected data can be uploaded to the server at the center of the project. The application will also have the possibility to visualize the already processed data in order to use them by the rider while driving. The application will be available free of charge to all cyclists who wish to contribute to increase the comfort and safety of cycling in the urban area of Lodz.
The use of cell phones as a tool for data collection will allow engagement of a large group of people without incurring additional costs.
Data recording server
The server for the data recording and the presentation of the results will be built as a WWW server. Transferring data and results will take place using standard HTTP requests. In addition, the server will handle the project's website, will allow registration of new members, downloading applications for the mobile devices and the pre- The server will be integrated with existing services mapping (such as Google Maps, OpenStreetMap).
Data storage server
The data storage server will be the high performance relational database server. It will be intentionally separated from the data recording server, because the work related to the analysis of data can generate considerable load for the database and should not interfere with the functioning of the rest of the system.
Data gathering
The data necessary for the project will be collected us- 
Data analysis algorithms
Within the project, specialized algorithms for analysis of bicycle traffic data will be designed for:
• development of maps of bike paths and cycling routes in the urban area of Lodz and its integration with existing map services (such as Google Maps, OpenStreetMap) and mobile navigation systems;
• planning of the changes in the road infrastructure on the basis of information about routes of special bicycle traffic and the cyclists dangerous and friendly places;
• automatic determination of bicycle routes between selected points in the Lodz agglomeration optimized in terms of comfort and security of transit;
• planning of cycling recreation and sightseeing, including locations of particular interest to the tourist and recreational points of view.
Expected results
The direct result of the implementation of the project will be the development of an accurate map of the Lodz ag- 
Project evolution
Bearing in mind the real needs of the Lodz agglomeration, the project manager and his team decided to expand the substantive scope of the project with additional forms of tourism and recreation, with particular emphasis on:
• hiking, both within the city (cultural tourism, entertainment, etc.) and out of the city (hiking tours);
• various forms of recreation, such as: jogging, nordic walking, skating, cross-country skiing. The beta version of the application for mobile devices running Apple iOS [4] (Fig. 2) and Android OS [3] ( Fig. 3) operating systems was designed and implemented. The application is in the process of extensive testing using a variety of mobile devices (phones, tablets).
User interface of application was prepared in Polish and English language. So far fallowing functionalities were implemented (some of them partially):
• route data gathering using GPS equipment;
• special (dangerous, friendly, interesting) route points marking and describing;
• selecting of means of transport (form of user activity);
• current route real time visualization using Google Maps, OpenStreetMap, OpenCycleMap map services;
• storing gathered data in mobile device memory using SQLite technology;
• real time visualization of current route basic information: current, average and maximum speed, time and distance from start;
• management of routes data stored in mobile device memory: uploading, downloading, deleting, commenting;
• visualization of stored routes using Google Maps, OpenStreetMap, OpenCycleMap map services;
• help containing information about application usage and project goals.
Following functionalities are planned to be implemented in nearest future:
• integration with social network services such Facebook and Twitter;
• "search nearby" allowing user to find interesting places close to his current location;
• real time friends routes visualization for group activities.
Installation and configuration of server's software was carried out. CentOS Linux was used as a operating system, MySQL as a database and Apache/PHP as a webbased environment. Servers were implemented as Xen virtual machines running on physical servers. Virtualization will make the management of servers (such as security backups) much easier and will provide flexibility in 
Conclusion
The current status of the mobile technology based distributed system which can help in its original form to a significant improvement of the current situation of cyclists moving within the metropolises of Lodz was presented.
Extended version of the system can help to increase the tourist attractiveness of the Lodz agglomeration and to its effective promotion, as a friendly and interesting place for visitors, representing various forms of tourism and recreation.
Engaging the community of Lodz will allow to achieve significant cost reduction, without loss of quality of results. In addition to the scientific and practical design, the social aspect of project is immensely important.
The project will develop a new model of cooperation between the academic and communities, which may result in the future with other similar projects.
